The overrepresentation of very old people (75 or older) in pedestrian crash statistics raises the issue of the effects of normal and pathologic ageing on gap-selection difficulties during street crossing. The present study focused on Alzheimer disease, a condition commonly associated with cognitive declines detrimental to daily life activities such as crossing the street. Twenty-five participants with mild dementia and 33 controls carried out a streetcrossing task in a simulated environment. They also took a battery of cognitive tests. The mild-dementia group was more likely than the control group to make decisions that led to collisions with approaching cars, especially when the traffic was coming from 2 directions and they were in the far lane. Regression analyses demonstrated that the increased likelihood of collisions in the dementia group was associated with impairments in processingspeed and visual-attention abilities assessed on the Useful Field of View test. This test has already proven useful for predicting driving outcomes, falls, and street-crossing difficulties in healthy old adults, and among drivers with Alzheimer disease. Clinicians are encouraged to use it to help estimate whether a patient can drive, walk, and cross a street safely. FIGURE 2. Mean percentage of collisions (vertical bars represent SD) as a function of participant group and traffic situation.
O ld people make up an extremely vulnerable road-user group. 1 In France, people over 75 account for >37% of fatalities, although they represent <9% of the population. 2 The overrepresentation of very old people in pedestrian crash statistics raises the issue of the effects of normal and pathologic ageing on street-crossing safety. Despite this obvious safety challenge and a large body of research on driving, [3] [4] [5] [6] [7] [8] very few studies have been dedicated to examining the role of pathologic ageing in these worrying pedestrian crash statistics. 9, 10 Since the 1990s, an increasing number of studies have been attempting to determine what characteristics of pedestrians, such as age, are likely to increase the risk of being involved in an accident. [11] [12] [13] [14] [15] [16] [17] [18] Previous research has pointed out greater difficulty among healthy old pedestrians in selecting safe gaps to cross and in adopting sufficient safety margins than younger ones. The increase in unsafe street-crossing decisions in healthy old adults generally shows up in challenging traffic situations such as 2-way streets, whereas this group's street-crossing safety is significantly better in less complex situations like 1-way streets. 11 Healthy old pedestrians appear to be more likely to be hit during the second half of the crossing, that is, on the far side of the street. 11, 19 This may be because they have been shown to check mainly for vehicles approaching in the near lane before crossing, and to sometimes reach the middle of the street without looking at the far-side traffic at all. Another well-established behavior of healthy old pedestrians is that they base their crossing decisions primarily on the distance of the approaching car instead of on the time gap, unlike young pedestrians who appear to use the time gap. [13] [14] [15] For a given available time gap, the distance of the approaching car is necessarily greater at high speeds than at low speeds. Considering the greater distance, old people more often think that it is safe to cross when the speed of the approaching vehicles is high than when it is low. In this situation, the use of a distance-based heuristic is very dangerous and leads to unsafe crossing behavior.
Declines in physical, perceptual, and cognitive abilities associated with the normal ageing process have been shown to partially explain unsafe street-crossing decisions and behaviors. 12, 16, 20, 21 Because of their slower walking speed (WS), old pedestrians crossing a street are exposed to traffic for a longer duration. Further, due to perceptual and cognitive difficulties, older pedestrians make biased decisions about the near lane and misjudge the distance of approaching cars. Time-to-arrival misestimates, reduced processing-speed, attention deficits, and executive function difficulties have all been shown to predict unsafe crossing decisions by old pedestrians in 1-20 and 2-way traffic situations. 21 Among the available neuropsychological measures, the Useful Field of View test (UFOV), 22 a measure of speed of processing in visual-attention tasks, appears to be a sensitive test for predicting difficulties among old pedestrians 20,21 and old drivers. 23 Empirical evidence for the impact of dementia on road-crossing behavior is still scarce. To our knowledge, the only study to date was conducted by Gorrie et al. 9 In a study that examined the brains of a sample of old people who died in pedestrian accidents in the Sydney metropolitan area, pedestrians with moderate to high neurofibrillary tangles, a neuropathologic hallmark of Alzheimer disease, were found to have a higher probability of being responsible for the crash, of being hit in "low complexity crash locations" (ie, a quiet urban street with little traffic flow), and of being in the near traffic lanes, than were pedestrians with low neurofibrillary tangles. Dunbar 24 also recently observed a notably high risk of accidents among the oldest pedestrians (over 85 y of age) on the near side of the street, although without being able to find out whether or not those people were affected by a neurodegenerative disease.
The main aim of the present study was to investigate the impact of AD on the propensity of old pedestrians to experience gap-selection difficulties in crossing the street. We did this by comparing a group of participants with mild AD to those with normal cognitive ageing, on a simulated street-crossing task. On the basis of the only available study by Gorrie et al, 9 old pedestrians with dementia were expected to have greater difficulty than healthy old pedestrians. The decision making of pedestrians with mild dementia was expected to be less accurate, leading to collisions in simple situations, even on the near side of a street. We also studied the relationships between performances on tests assessing attention and executive functions and performance observed on the simulated street-crossing task in these 2 groups of participants, to find out whether cognitive impairment linked to dementia is associated with increased risks during street crossing.
METHODS

Participants
Twenty-five patients with mild AD and 33 cognitively intact older adults matched on age, sex, and education ( Table 1) were included in the study. All of them were community-dwelling older adults. The 33 participants in the control group were recruited through local associations for the elderly. They did not report any history of neurological or psychiatric disorders or cognitive complaints, and had a Mini-Mental State Examination 25 score over 26. The patient sample was recruited from the outpatient units of the 3 clinics involved in the study. Patients had received a diagnosis of probable AD according to the criteria of the National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association 26 before participating in the study. To be eligible for inclusion, the patients and healthy old adults had to be able to walk without the assistance of another individual or a device, and to be regular walkers. The study was approved by the institutional ethics committee. All participants gave their informed consent to participate in the activities of the study.
Procedure
The study consisted of 2 test sessions lasting about 1 hour each. Participants took a battery of 7 cognitive tests on the first session, and performed a street-crossing task on the second session.
Street-Crossing Task
Street-crossing behavior was studied using an immersive, interactive street-crossing simulator (Fig. 1 ). The device was comprised of a portion of a 5.7-meter-wide experimental road on which participants actually walked. It also included an image-generation system, a 10-screen visual projection system, a 3D sound-rendition system, and a recording system. The projection system provided the pedestrian with a horizontal visual field between 180 degrees (at the starting point of the crossing) and 300 degrees (in the middle of the street and at the sidewalk on the other side), and a vertical visual field of 40 degrees. The images (60 frames per second) were calculated and projected at the participant's eye height. Scenes were updated interactively by a movement-tracking system that also recorded the participant's locomotion (submillimeter accuracy). The visual scenes represented a 2-way street 5.70 m wide sidewalk-to-sidewalk (15.4 cm high). The traffic consisted of groups of motorcycles and cars (between 5 and 10 vehicles). The direction of the traffic followed the French traffic rules: on the near-side lane (2.85 m wide), the flow of vehicles was approaching from the left of the pedestrian, who was standing on the sidewalk. Vehicles in the far lane (2.85 m wide) were approaching from the right.
Participants were tested individually on the simulator. The experimenter began the session by describing the basic principles of the task. Then the participant performed at most 18 practice trials. Once the participants were comfortable and fully understood the task, they performed the experimental street-crossing task composed of 2 blocks of 21 trials, with a break between the blocks. The streetcrossing task took about 30 minutes to complete.
For each trial, participants had to judge whether the available gaps in the approaching traffic where suitable for crossing the street. They were instructed to choose traffic gaps in which they could cross the entire 2-way street without running and/or stopping in the middle of the street. If they thought it was safe to do so, they were instructed to cross. Otherwise they waited for the next trial. The participants' decision to cross or not to cross, and their motion until they reached the opposite sidewalk, were recorded.
Across the 42 trials, traffic complexity (vehicles approached from 1 or 2 directions), lane (near vs. far side of the street), and vehicle speed (40 or 60 km/h) were varied. The available time gap between 2 approaching cars in the traffic flow was also manipulated, but in such a way that all pedestrians had the same number of opportunities to cross the street, as a function of their own WS. [Before the beginning of the street-crossing task, WS over a distance equivalent to the width of the simulated street was measured in the simulator room (but with no approaching virtual cars) on 6 trials at a normal-to-fast walking pace. Each individual's WS (the average of the 6 trials) was then entered into the street-crossing scenario and used for the entire experiment. During the street-crossing task, participants were instructed to walk at a normal-to-fast speed but advised that they could walk faster or slower if they wanted to.] Rather than proposing fixed gaps, and to ensure that all participants were presented with gaps that yielded comparable actions, the temporal values of the gaps proposed were modified based on each individual's WS. This modification could be À 50%, + 50%, + 100%, or + 150%. Analyses of variance were used to compare differences across groups for continuous variables, and w 2 was used for the categorical variable sex.
In the case of a negative modification, for example, the available gap was shorter than the individual's WS, whereas in the case of a positive modification, the gap was longer than the individual's WS. [For example, if a pedestrian walked with a mean speed of 1 m/s, then the gaps proposed were 2.85 s (WS), 1.43 s (WS-50%), 4.28 s (WS + 50%), 5.70 s (WS + 100%), and 7.13 s (WS + 150%) in each lane.] When traffic was approaching from both directions, gaps were always synchronized and thus simultaneously available in both lanes. The manipulated gaps always appeared 6 seconds after the onset of the trial, providing a view of the scenes for 6 seconds before participants could cross. All other vehicles in the traffic groups were separated by about 1.5 seconds so that participants could not cross between them.
The behavioral indicator used in the present paper was the percentage of collisions. A crossing was scored as a collision when the participant was "hit" by the approaching car, that is, she/he was in front of the approaching car (somewhere between the right and lefts sides of the car) when it passed the crossing line. This variable was calculated for the near and far lanes of the 2-way street and was expressed as a percentage of the total number of crossings made by the participant.
Cognitive Tests
UFOV Test
Processing speed and visual attention were assessed using the UFOV test, 22 which is a computer-based test of rapid visual-scene perception, without eye or head movements. Three subtests measure the individual's speed of processing and visual-attention abilities across increasingly complex visual displays, that is, central target identification alone (subtest 1), central target identification with peripheral target localization (subtest 2), and central target identification with peripheral target localization in the presence of distractors (subtest 3). In each subtest, UFOV automatically adjusted the stimulus-display time in milliseconds as needed: after 2 correct responses, stimulus-display time for the next item was shortened; it was lengthened if a response was incorrect. This process of tracking the perceptual thresholds (ms) continued until a stable estimate of 75% correct was obtained on each subtest. For all subtests, stimulus durations range between 17 and 500 ms.
Shifting Task
Shifting was assessed using a subtest of the TAP (Tests of Attentional Performance), a computer-based task. 27 The procedure was a "set shifting" task like the famous Trail Making Test. 28 Either angular or round figures were simultaneously presented to the right and left of the center of the monitor. In the first subtest, the participant was required to react only to the angular shapes (50 targets), by pressing the left or right key according to whether the target stimulus (the angular shape) appeared to the left or the right of the center of the monitor. In the second subtest, the participant was required to react only to the round shapes (50 targets), by pressing the left or right key according to whether the target stimulus (the round shape) appeared to the left or the right of the center of the monitor. The third subtest was composed of 100 trials and the type of target stimulus was alternated across trials (angular-roundangular-round, etc.). Cues were given on the first trial and 
Inhibiting Task
Inhibition abilities were also measured via a subtest of the TAP. 27 In line with the Simon 29 and spatial Stroop 30 paradigms, a left-pointing or right-pointing arrow target was displayed randomly on the left, in the center, or on the right of the computer screen (a total of 60 times). Participants were required to determine the direction of the arrow while ignoring its location. There were 30 compatible targets (eg, a left-pointing arrow presented on the left side of the screen), and 30 incompatible targets (eg, a right-pointing arrow presented on the left side of the screen). The number of errors was considered to be one of the most important parameters in interpreting performance on this task. 27 
Updating Task
Control of information flow and updating of information in working memory were assessed using the working memory subtest of the TAP. 27 Numbers were displayed one at a time on a computer screen. For each of the 100 trials presented (15 of which were targets), participants were required to press a response button when any number was the same as the number displayed 2 numbers earlier. For example, the sequence 3 7 2 8 5 required no response, but the sequence 3 7 8 2 8 required a response because of the two 8's. Errors and omissions are particularly interesting for analyzing because they reveal failure to control information flow. 27 
Behavioral Control Task
The ability to perform an appropriate reaction under time pressure and to simultaneously inhibit an inappropriate behavioral response was assessed via the Go/Nogo subtest of the TAP. 27 An upright (+) or diagonal ( Â) cross were presented in a randomly alternating sequence on the screen. For each of the 40 trials proposed (20 targets), the participant was required to press a response key as quickly as possible when the diagonal cross was presented while inhibiting the response in the presence of the other cue (ie, as not press the response key for the upright cross). The number of errors was considered to be the most important parameter in interpreting performance on this task. 27 
Statistical Analyses
Analyses of variance (ANOVAs) were conducted to examine all dependent measures obtained from the streetcrossing and cognitive tests. Statistical significance was set at a P value of 0.05. Whenever necessary, planned comparisons were used to specify which pattern of means explained the observed effects. The computation of relative effect size (Z p 2 ) completed the analyses. Correlation and regression analyses were then computed to determine whether dementia-linked impairment of attention and executive functions is associated with an increased risk of crossing the street. The analyses were run on the scores from the 7 cognitive tests and the percentage of collisions on the street-crossing task.
RESULTS
Street-Crossing Task
The group 2 Â traffic 2 Âlane 2 Âspeed 2 ANOVA revealed a significant effect of group, F 1,56 = 5.12, P < 0.05, Z p 2 = 0.08. The mild-dementia group made more decisions that led to collisions (M = 5.04%, SD = 12.3) than the control group did (M = 2.58%, SD = 8.2).
The results also indicated a significant effect of traffic, F 1,56 = 30.19, P < 0.0001, Z p 2 = 0.35. Two-way traffic situations led to more collisions (M = 5.9%, SD = 12.8) than 1-way traffic situations did (M = 1.4%, SD = 6.1).
Lane had a significant effect too, F 1,56 = 26.43, P < 0.0001, Z p 2 = 0.32, with a higher percentage of collisions in the far-side lane (M = 6.1%, SD = 12.7) than in the near-side lane (M = 1.3%, SD = 6).
The main effect of speed was also significant, F 1,56 = 28.7, P < 0.0001, Z p 2 = 0.34, with a higher percentage of collisions at 60 km/h (M = 5.6%, SD = 12.6) than at 40 km/h (M = 1.7%, SD = 6.7).
The interaction between group and traffic was significant, F 1,56 = 5.8, P < 0.05, Z p 2 = 0.09. Planned comparisons indicated significant traffic differences in the milddementia group F 1,56 = 27.39, P < 0.0001, as well as in the control group, F 1,56 = 5.5, P < 0.05. But the mild-dementia group had a higher percentage of collisions in the 2-way traffic situations than the control group did (F 1,56 = 6.76, P < 0.05; mean difference: 4.6 percentage points). In contrast, group differences were not significant in the 1-way traffic situations (Fig. 2) .
The interaction between group and lane was not significant (F 1,56 = 2.77, P = 0.10). When planned comparison analyses were used to investigate lane differences, the significance level was reached in the mild-dementia group, F 1,56 = 20.35, P < 0.0001, as well as in the control group, F 1,56 = 7.01, P < 0.05. But the mild-dementia group obtained a higher percentage of collisions than the control group did in the far lane (F 1,56 = 4.55, P < 0.05; mean difference: 3.97 percentage points). In contrast, group differences were not significant in the near lane (Fig. 3) .
The interaction between group and speed was not significant, F 1,56 = 1, P = 0.33. Planned comparisons yielded significant speed differences in the mild-dementia group, F 1,56 = 17.69, P < 0.0001, as well as in the control group, F 1,56 = 11.06, P < 0.01. Group differences were marginal at 40 km/h, F 1,56 = 3.47, P = 0.067, and at 60 km/ h, F 1,56 = 3.89, P = 0.054 (Fig. 4) .
The interaction between traffic and lane was significant, F 1,56 = 17.42, P < 0.0001, Z 2 = 0.24, as was the interaction between traffic and speed, F 1,56 = 21.91, P < 0.001, Z 2 = 0.28, between lane and speed, F 1,56 = 11.33, P < 0.01, Z 2 = 0.17, and between traffic, lane, and speed, F 1,56 = 6.5, P < 0.05, Z 2 = 0.10. Because the present paper focused in particular on group differences, these last interactions are not detailed. The interaction between group, traffic, lane, and speed was not significant (F 1,56 < 1, NS).
Cognitive Tests
UFOV Test
The group 2 ANOVA indicated significant group differences on threshold scores measured by UFOV subtest 1, F 1,56 = 8.09, P < 0.01, Z p 2 = 0.13, subtest 2, F 1,56 = 17.16, P < 0.001, Z p 2 = 0.23, and subtest 3, F 1,56 = 17.28, P < 0.001, Z p 2 = 0.24 ( Table 2 ).
Shifting Task
The mild-dementia group made more shifting errors than did the control group, F 1,56 = 29.04, P < 0.0001, Z 2 = 0.34 ( Table 2 ).
Inhibiting Task
The mild-dementia group made more inhibiting errors than did the control group, F 1,56 = 8.16, P < 0.01, Z p 2 = 0.13 ( Table 2) .
Updating Task
The mild-dementia group made more updating errors and omissions than did the control group, F 1,56 = 8.94, P < 0.01, Z 2 = 0.14 ( Table 2 ).
Behavioral Control Task
The mild-dementia group made more behavioral control errors than did the control group, F 1,56 = 11.77, P < 0.01, Z 2 = 0.17 ( Table 2 ).
The Role of Cognitive Performances in Street-Crossing Decisions
To examine the relationships between attention and executive functions and the decisions that led to collisions here, correlation and regression analyses were conducted. The total number of collisions per participant was computed, and each of the cognitive measures assessed was considered as a predictor. The correlation matrix is presented in Table 3 .
The correlation analyses revealed that collision-causing decisions were significantly correlated with a decline of several cognitive abilities. More specifically, a high percentage of collisions was associated with a slower processing speed, divided and selective attention declines, and shifting difficulties.
A multiple linear regression analysis was performed to determine the best predictor, or subgroup of predictors, of the variance in collisions. The 7 cognitive ability measures were automatically entered one at a time, using the forward stepwise method. The input order was determined by the variable that resulted in the greatest R 2 increase, given the variables already entered into the model. Each variable that was significantly associated at the 0.05 level was included, and the nonsignificant ones were discarded. The model was significant, F 1,56 = 7.71, P < 0.01. The results revealed that threshold scores on UFOV subtest 3 measuring selective attention abilities was the only significant cognitive predictor of crossing decisions, accounting for 12% of the variance in collisions.
A logistic regression analysis was also conducted to confirm the results via another statistical method. The binary outcome to be predicted was given the value 1 for a probability of failure (collision) and the value 0 for a probability of success (no collision). A total of 2436 decisions (42 trials Â 58 participants) were analyzed. The model was significant, w 2 1 = 10.28, P < 0.001, and the same cognitive variable emerged as a significant predictor.
DISCUSSION
Neurodegenerative diseases like AD appear to be a contributing factor of crashes with older pedestrians. The results of the present experimental study showed that old participants with mild dementia were more likely than healthy old participants to make street-crossing decisions that led to collisions with approaching cars in a simulated 2way traffic environment. Difficulties were more pronounced than in healthy ageing, but the results did not point out dementia-specific crash situations like the ones revealed by Gorrie et al's 9 accident analysis. Two-way approaching traffic was more difficult to handle, but no specific difficulties were observed in simple 1-way traffic situations. Participants with mild dementia had more collisions in the far lane of the 2-way street than healthy participants did, but no group differences were observed in the near lane. Compared with healthy old pedestrians, old pedestrians with mild dementia tended to make more unsafe street-crossing decisions in challenging traffic situations such as 2-way streets, and to step into the street when only the near lane was safe while neglecting the gap in the far lane. These results are inconsistent with Gorrie et al's 9 epidemiological analyses. The discrepancy can be explained by differences between the stages of the disease in the samples studied, insofar as Gorrie and colleagues found more collisions in simple situations, even for the near side of a street, among pedestrians with moderate to high neurofibrillary tangles in their brains as compared with pedestrians with no or few neurofibrillary tangles. The latter pedestrians may have been affected by mild AD like the ones included in the present study. Future studies will have to include patients affected at later stages (ie, moderate and severe), although they will have to face the challenge that patients at advanced stages of neurodegenerative diseases are highly dependent upon caregivers and cannot get around by themselves. Going beyond earlier findings, the present study used an experimental approach that also highlighted the role of impaired attention and executive functions in pedestrians' gap-selection difficulties when crossing a 2-way street. The regression analyses conducted here demonstrated that the increased likelihood of collisions in the mild-dementia group was associated with impairment of certain perceptual and cognitive abilities. Processing-speed and visual-attention abilities assessed on the UFOV test were shown to play a significant role in explaining the variance in collisions. Declines in these specific abilities may prevent individuals from considering pertinent information coming from several sources in a time-constrained task. The UFOV test requires both visual-sensory and cognitive skills, thus providing an overall measure of an individual's visual-functional state. 22 It has already proven to be a useful test for estimating driving impairments, 23 falls, 31 and street-crossing difficulties in healthy old adults. 20, 21 The test is also valuable for predicting driving performance in persons with AD. 32, 33 Clinicians can use the UFOV test to help determine whether a patient with AD can safely drive a motor vehicle, walk, and cross a street. Because some studies have obtained contradictory findings about whether the UFOV test can reliably predict crash involvement, or found weak relationships, this test could at least be used as a preliminary screening tool to discriminate individuals whose processing-speed and visual-attention deficits are severe enough to warrant further testing. 34 The assessment of old drivers' abilities is a touchy issue for both health professionals and licensing authorities. In France and in several other countries around the world, there are still no reliable off-road tests for accurately assessing the old driver's abilities and differentiating safe from unsafe drivers. Another difficulty to be addressed is the fact that driving cessation may be detrimental to safety because those who stop driving are likely to take more trips as pedestrians or cyclists, where the same health conditions and functional declines that cause driving cessation may also have a negative impact on the ability to safely use the other transportation options such as walking or public transit. A good understanding of these relationships is needed to allow old people to keep their mobility in a safe way. 
